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75. The Crystal and Molecular Structure of rac-15-Cyano- 
1,2 * 2 * 7,7,12,12-heptamethyl Corri n Hydrochloride, 

Metal Free Corrin 
by Eric D. Edmond* and Dorothy Crowfoot-Hodgh 

Labomtt6ry of Chemical Crystallography, Oxford (England) 

(5. XII. 74) 

Sermmary. The crystal structure of a rnctal froe corrin hydrochloride synthcsiscd by Eschen- 
mosev & Fischli has bcen found by x-ray analysis. Thc crystals arc nionoclink and contain ethanol 
of crystallisation; a s 10.84 A, b F 12.04 A. c = 26.04 h. y I- 120.4 in space group P2,la. The 
structure was cleetermincd by dircct methods and refined to H = 0.076 for 3252 statistically 
significant reflcctions with 0 < 70" (Cu Ka). The A ring is found to be markedly displaced Ircm 
thc mean planc of the other threc rings: hydrogcn atoms arc obscrvcd in diIfercnce elcctroa 
density maps to be bonded to N21 and N23 ol the nucleus. Detail5 of the shape and dimensions 
trf the nucleus are discussed. 

Although cobalt free corrinoid compounds liavc recently becn isolated from 
photosynthesizing bacteria [l], it has so far becn impossible to  remove, or substitute, 
another metal ion for the cobalt in the naturally occurring series without destroying 
the corrin ligand system. The preparation and isolation of the metal free synthetic 
corrin shown below by Eschenmoser & Fischli (21 gave suitable crystals for a structure 
analysis of this new type of corrinoid. 
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Experimental. - Crystals of thc compound precipitated from a mixturc of elhanol, cthyl 
acetate and hexane were kindly supplied by Professor A .  Esckbnmoseu. Thc crystals supplicd were 
orange red. pleochroic and plate like (orangc when viewed perpendicular to th.e face of the platc, 
the (001) face, and red when viewed parallel to  the facc of the plate, the (100) facc). M'my of 

*) Present adress: Thc Marinc Transport Ccntrc, Mount Pleasant, P.O. Box 147, Livcrpool 
L69 3 BX. 
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them wcre easily seen to be twinncd bscausc of tlx sharp coIour change from red to orange across 
a line parallcl to the longest edge of the crystal, the it axis dircction. 

CqstaL Data. - C,,H,CINB. C&OH. M =: 512.2, Moncrclinic (first setting, unique axis c), 

Dm = 1.17, Z = 4, Dc - 1.16. F(O.O.0) * 1104, Space Group Y2Js (CihNo 14 - Non standard 
setting) CuKa radiation, Ni filter. 1 = 1.5418 A,l.)irneasions of crystal uscd in data collcction 
1.2 mm x 0.7 mm x 0.2 mm, Crystal mounted about thc a. axis. 

T h e  data were collected using a Hilger & Watts automatic: 4-circle diffractometer by 0 . 8 O  
012 0 scans. One quadrant of data in that region of rcciprocd space given by h 2 0, 1 2 0, 
8 2 70' was collcctcd. corrcctcd €or absorption using the method suggcstcd by North et al. [3] and 
for Lorenk and polarisation cffccts in the usual manner. 'This yielded a final set of 3252 independent 
reflcctions used in the structurc analysis whose intcnsities wcre greater than twice their standard 
deviations (bl) calculated from counting statistics. Normaliscd structure factors, E(hkl), as 
defined by Karlc &Hat@tmann 141 were ~tlculatcd using an ovcrall temperature factor and absolute 
scale factor for the data dcrived by Wilsuw's method and then rcscaling to give an avcragc Es 
value of 1. 

Structure Solution and Refinement. - The structurc was solved using a 
programmc writtcn by Mr. 0. J. R. Hodder of this laboratory for the KDF9 computer 
which applicd t.he symbolic addition promdure dcvelopcd by Kude & Kude [53 as 
follows. The largest 800 Bs, those with I E I > 1..32, were input and the 6,900 triple 
products holding betwecn them with a probability greater than 0.90 stored. The 
minimurn probability at which a s i ~ n  would be acceptcd as determined Irom a Zz 
(or a El) relationship was set at 0.992. 'I'lie programme accepted signs one by one, 
each new sign always being the one indicated with the highest probability at that 
stage. Once a reflection had been givcn a sign it kept that sign throughout the rest 
of the process. The programme fixed the unit cell origin by giving positive signs to 
the three reflections, 301 (I E I = 4.56) ; 012 ( I  E I = 4.17) ; and 201 ( I  E 1 = 3.51), 
and allocated the three reflections, 231T (IEI F- 3.27); 311 (IEJ = 2.94); and 
6316 (IEI 3 3.06) symbolic signs A, B and C respectively in thc course of the sym- 
bolic addition. Signs wcre detcrmined for 462 reflections in terms of these three sym- 
bols by the end of the process. Further, out of tlic eight possible solutions correspond- 
ing to the two possible signs for each of A, B and C, that given by A = -t- B = - C = + 
was computed as giving the most internally consistcnt set of signs in thc symbolic 
addition process. Using this assignment of A, B and C signs were computed at thc 
0.88 probability level for 680 refIections and used to calculate an E map. The prob- 
ability criterion was reduced at this stage in order to improve the quality' of thc 
resulting E map by including as many signed Es as possible. in the Fozcrier synthesis. 
A later comparison showed that only eight Es wcre givcn wrong signs in this pro 
cess, all of which wcre determined with a probability lcss than 0.93. 

The resulting E map was easily interpretable, out of the highcst 34 peaks in the 
map 33 werc found to represent atomic positions consistent with formula I and only 
one, the 32nd in order of magnitude, was spurious. The only'atomic position not 
found was one of the methyl groups on C(12). The highest peak clearly gave the po- 
sition of the cldoridc ion which seemed to be linked to N(21) via an extra inter- 
mediate atom through a hydrogen bond network. This atom lying approximately 
3.0 b from the chlorine ion and N(21) was provisionally identified as an oxygen 
atom belonging to the cthanol used in thc crystallisation. Structure factors were 
calculated for thc 32 atomic positions found, omitting the oxygen as a check against 

a = 10.84 0.01 A, b -i 12.04 & 0.01 A. c = 26.04 f 0.02 A, y := 120.4 0.10, v = 2943 AsLs, 
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its being spurious, and an I? obs. map generated using the calculated signs. This map 
confirmed the positions of the 32 input atoms and liad additional peaks at positions 
corresponding to the ethanol oxygen atom, the missing C(1Z) methyl group and the 
2 remaining ethanol carbon atoms. The latter 2 peaks wcre low in height (2.0 c/Aa 
and 1.4 e/A3) and rather diffuse, indicating some disorder in the positions of these 
atoms. 

The atomic pararncters of this trial structurc were refined by block diagonal 
least squares. The quantity minimised was 

b h 

where K was the refined overall scalc factor arid w ( h )  was a weight givcn tu each 
F,,(k) and was set equal to unity except in the h a 1  stages of the refinement. The 
structure was refined first for 4 cycles using isotropic thermal parameters and then 
for a further 3 cycles using anisotropic thermal lxirametcrs at which stage R was 
0.095. A diffcrence map was calculated at this stage with an c.s.d. in the cbctron 
density at a gcneral position of 0.14 elA3. Tho positions 01 pcaks of height greater 
than 2 e.s.d.’s (0.28 e/As) werc, with one importarit exception, in accordance with 
hydrogen atom positions of formula I. The only othcr peaks were thrce oi height 
0.30 e/A3 in the region of the solvent carbon atoms and two of height 0.35 e/As near 

Fig. 1. Differewe ma# d r a w  through the plane of N (22), Nt23)  and N(24. Contours at 0.1 c1Aa. 
Dotted contours indicate the projection r ~ i  H N(21) ORtO this plane. 
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the chlorine inn indicating some residual disorder in these positions. As a result of 
this disorder the only hydrogen atom of the cthanol solvent molecule located was 
the hydroxyl hydrogen forming the hydrogen bond betwcen the oxygen and the 
chlorine ion. 

The major difference from formula I was that no hydrogen atom was found bonded 
to N(22). Instead one was found 0.81 from N(21) directly between N(21) and the 
ethanol oxygcn with a peak height of 0.46 e/A3. This is illustrated in Fig. 1. 
The only hydrogcn atoms not clearly located at this stagc were those bonded t o  
methyl carbon atoms 28, 29 and 30. An cxamitiation of the difference map in the 
regions around thew atoms however showcd a number of peaks ranging in height 
from 0.22 to 0.28 eldY giving rather distorted methyl hydrogen positions. These 
9 hydrogen atoms were thereforc. placed geometrically and included with the 28 

Table 1. Corrin Flydvochlmids Refined Atomic Caordinata (e.s.d.’s x 104 in brackets) 
~ ~- ~~~ 

Atom Type Atom No. xla 

C1 33 - 0.0288 (2) 
N 21 0.1907 (4) 
N 22 0.3167 (4) 
N 23 0.3428 (5) 
N 24 0.3331 (4) 

C 20 0.0471 (5) 
C 2 0.1875 (5) 
C 26 0.2585 (7) 
c 25 0.0356 (6) 
C 3 0.2740 (5) 
C 4 0.2478 (4) 
c 5 0.2842 (5) 
C 6 0.3130 (5) 
c 7 0.3491 (7) 
c 27 0.4876 (9) 

C 1 0.1819 (4) 

C 28 0.22G4 (11) 
C 8 0.3547 (11) 
C 9 0.3432 (7) 
C 10 0.3577 (8) 
C 11 0.3542 (6) 
C 12 0.3783 (7) 
C 29 0.2867 (11) 
C 30 0.5386 (10) 
c 13 0.3343 (7) 
C 14 0.3392 (5) 

C 31 0.3352 (6) 
C 1.5 0.3354 (5) 

N 32 0.3354 (7) 
C 16 0.3303 (5) 
C 17 0.317G (6) 
C 18 0.3220 (5) 
C 19 0.3186 (5) 
0 34 0.0067 (6) 
C 35 - 0.0677 (16) 
C 36 - 0.0160 (27) 

Ylb 

0.5468 (2) 
0.3062 (3) 
0.3682 (4) 
0.6133 (4) 
0.5570 (3) 
0.3528 (4) 
0.3609 (4) 
0.2481 (4) 
0.2984 (7) 
0.1310 (6) 

0.2348 (4) 
0.1929 (4) 
0.2528 (4) 
0.2056 (6) 
0.2042 (9) 
0.06GS (9) 
0.3027 (9) 
0.3995 (6) 
0.5123 (7) 
0.G065, (6) 

0.7132 (11) 
0.8216 (10) 
0.7906 (6) 
0.7173 (5) 
0.7434 (4) 
0.8J90 (5) 
0.9518 (5) 
0.6610 (4) 
0.6870 (5) 
0.5755 (4) 
0.4877 (4) 
0.3400 (5) 
0.2768 (12) 
0.3725 (12) 

0.20% (4) 

0.7347 (7) 

0.1609 (1) 
0.0351 (1) 
0.1354 (1) 
0.1272 (1) 
0.0ZG8 (1) 

- 0.0169 (1) 
- 0.0514 (2) 
- 0.1038 (2) 
- 0.0589 (2) 
- 0.0172 (2) 

- 0.0212 (2) 

0.0366 (2) 
0.0822 (2) 
0.1280 (2) 
0.1775 (2) 
0.1720 (3) 

0.2163 (2) 
0.1843 (2) 
0.2059 (2) 
0.1798 (2) 

0.2493 (3) 

0.1561 (3) 

0.0595 (2) 

0.0358 (8) 
0.0176 (2) 

0.18% (4) 

0.2010 (2) 

0.2128 (4) 

0.1098 (2) 

0.0464 (3) 

- 0.0379 (2) 
- 0.0213 (2) - 0.0649 (2) 

0.1059 (2) 
0.1414 (4) 
0.1161 (9) 
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previously located in all future structure factor calculations. The hydrogen atoms 
were given isotropic temperature factors equal to  those of the atoms to which they 
were bonded at the end of the isotropic refinement. Their positional and tempcrature 
factors wcre not refined and are given in Table 2. 

Table la. Corrl'n Hydrochloride Refined Tewperaturc Parameters x I @  (e.s.d,'s in btackcts) 6) 

u 11 u 22 w33 u 23 U31 u 12 

976 (11) 
565 (18) 
700 (24) 
722 (24) 
626 (21) 
550 (21) 
514 (22) 
617 (25) 
(990 (40) 
717 (33) 
582 (25) 

679 (27) 
632 (26) 
985 (40) 

1319 (68) 
1800 (84) 
1020 (41) 
1123 (47) 

879 (39) 
1670 (83) 
1225 (G6) 
867 (38) 
652 (28) 
562 (25) 
639 (30) 

546 (22) 

1204 (55) 

859 (36) 

1099 (43) 
477 (22) 
756 (32) 
612 (26) 
516 (21) 

1077 (34) 

3672 (324) 
2201 (151) 

1456 (14) 
475 (16) 
704 (22) 
684 (22) 
442 (16) 
512 (19) 
654 (24) 
628 (24) 

1080 (41) 
692 (29) 
5% (23) 
3% (17) 
500 (22) 
580 (23) 
840 (33) 

1608 (69) 
1212 (61) 
1634 (74) 
1038 (40) 
1287 (50) 
1009 (39) 
1187 (46) 
2163 (97) 
1461 (71) 
886 (36) 
576 (24) 
479 (21) 
524 (26) 
673 (28) 
477 (21) 
698 (27) 
640 (25) 
499 (19) 

1191 (36) 
1445 (88) 
1053 (93) 

522 (6) 
426 (15) 
436 (16) 
601 (20) 
510 (17) 
338 (15) 
508 (2U) 
449 (19) 
438 (21) 
924 (37) 
576 (22) 
538 (21) 
611 (24) 
483 (20) 
537 (24) 
783 (37) 

1127 (54) 
513 (27) 
405 (21) 
437 (23) 
522 (23) 
867 (36) 
739 (36) 

1913 (92) 

766 (28) 
854 (31) 

1164 (45) 
1582 (59) 
634 (23) 
717 (28) 
511 (21) 
442 (17) 
706 (23) 

1269 (80) 
3424 (283) 

942 (38) 

- 107 (15) 
- 52 (25) 

4 (30) 
- 464 (35) - 99 (27) 
- 78 (28) - 78 (36) - 321 (34) - 241 (48) 
- 709 (56) 
- 208 (36) 
- 54 (31) 

146 (36) 
324 (36) 
532 (48) 

1384 (100) 
375 (72) 

YO4 (83) 

6 (46) 
- 408 (51) 
- 674 (53) 
- 1238 (72) 
- J 209 (102) 
-234.5 (147) 
- 776 (64) 
- 463 (43) 

- 116 (54) 

112 (35) 

281 (38) - 43 (31) 

- 189 (41) 

148 466) 

411 (47) 

113 (46) 
676 (145) 
1OG1 (275) 

- 10 (13) 

- 73 (30) 

- 169 (31) 
- 26 (29) - 52 (34) 

29 (26) 

- 2% (35) 

- 121 (34) 
55 (47) 

- 33 (34) 

- 7 (39) 
124 (36) 
202 (50) 
141 (71) 
359 (98) 
41 (74) - 98 (46) 

- 406 (51) 
- 372 (45) 
- 776 (63) 
- 681 (89) 
-1637 (130) 
- 313 (61) 
- 263 (45) 
- 179 (44) 

21 (58) 

- 426 (55) 

- 40 (34) 

238 (79) 

60 (47) 
- 34 (36) 

26 (37) 
- 76 (31) 

410 (46) 
1442 (184) 

- 10 (498) 

1539 (22) 
612 (29) 
851 (39) 
932 (40) 
549 (31) 
637 (35) 
700 (40) 
746 (42) 

1377 (71) 
697 (53) 
734 (42) 
502 (34) 
699 (41) 
706 (41) 

1131 (63) 
2014 (110) 
1142 (108) 
2552 (144) 
1363 (70) 
1710 (86) 
1264 (64) 
1524 (77) 
3011 (164) 
1893 (122) 
1206 (65) 

631 (39) 
646 (47) 

1184 (59) 

886 (51) 
509 (43) 
502 (34) 

1325 (61) 
1340 (194) 
1340 (308) 

754 (44) 

477 (35) 

a) The tempcrature factor T is given by the expression 
T = exp[- 2 %* (&ha a** + Uasksb*a -t U,,lec*a f 2 WB,klb+c+ 
+ 2U,lhc*a* -k 2Ul,hka*b*)J 

T he unit Weights refinement converged after a further 3 cycles. Each E'&) was 
given an absolute weight w(h) defined by 

W ( h )  = (J12 CFO(4l + c2 I FO(4 I *  
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as suggested by Grunt et at. [6] where 9p [Fa@)] is the variance in I?&%) calculated from 
the counting statistics and cs is a constant calculated to be 0.0055 in this case. With 
these weights the refinement converged after a iurther 3 cycles. Before the last 
cycle, 6 reflections with a value of w(h) x I I Fa@) I - IFC(&) I I greater than 5 were 
considered subject t o  serious non random errors and wcre given zero weight in the 
last cycle. On the last round the calculated shifts were all less than 0.5 of the corre- 
sponding e. s.d. The final R was 0.076. The final atomic parameters and their e. s.d.’s 
are given in Tables 1 and la .  

Observed structure amplitudes and calculated structure factors are given in 
reference [S]. A11 calculations were carried out on the Oxford University KDF9 
computer using the NOVTAPE system developed by J. S .  Rallelt and improved by 
J.  Hoddev and G. Ford. Scattering factors were taken from reference [7]. 

Table 2. H - C m h  Hydrogm Atom Parameters (not refined) 

Atom No. X I S  Y b  zlc Uiso 

H 1  c20 - 0.0452 0.2768 - 0.0064 0.051 
H2 C20 0.0253 0.3725 - 0.0598 0.051 
H3 C20 
H I  c25 
H2 C25 
H3 C25 
H1 C26’ 
H2 C26 
H 3  C26 
H 1  c3 
H2 c3 
H I  C J  
HI C27 
H2 C27 
H 3  C27 
H 1  C28 
H 2  C28 
H3 C28 
H 1  C 8  
H2 C 8  
HI c10 
H I  c29 
w2 c29 
H 3  C29 
H 1  C30 
H2 C30 
H3 C30 
H1 C13 
H 2  C13 
H 1  C17 
H2 C17 
H l  C18 
H2 C18 
H 1  C19 
H 1  N21 
H1 N23 
1x1 034 -_  ~ 

0,0646 
0.3702 
0.2072 
0.2521 

- 0.0261 
0.0436 - 0.0180 
0.3667 
0.2475 
0.2876 
0.4949 
0.5727 
0.5053 
0.2543 
0.1393 
0.2127 
0.2624 
0.4648 
0.3843 
0.1752 
0.3068 
0.3187 
0.5627 
0.5660 
0.6004 
0.4080 
0.2387 
0.2146 
0.3967 
0.2466 
0.4123 
0.404% 
0.1687 
0.3367 
0.0033 

0.4423 
0.3706 
0.3392 
0.2236 
0.1592 
0.0546 
0.0938 
0.2483 
0.1178 
0.1055 
0.1472 
0.3040 
0.1554 
0.0257 
0.0818 
0.0042 
0.2601 
0.3474 
0.5182 
0.6580 
0.8079 
0.6703 
0.7802 
0.9206 
0.8274 
0.8832 
0.7698 
0.6790 
0.7680 
0.5391 
0.6078 
0.4738 
0.3388 
0.5576 
0.4045 

0.0009 
- 0.0997 
-0.1260 - 0.1273 
- 0.0830 
- 0.0767 - 0.0225 
- 0.0233 - 0.0194 
0.0744 
0.2033 
0.1718 
0.13% 
0.2220 
0.2016 
0.1576 
0.2422 
0.2254 
0.2406 
0.2369 
0.2592 
0.2784 
0.2454 
0,2205 
0.1786 
0.1473 
0.1581 - 0.0429 - 0.0445 - 0.0875 

- 0.0842 - 0.0246 
0.0577 
0.1076 
0.1337 

0.051 
0.067 
0.067 
0.067 
0.075 
0.075 
0.075 
0.053 
0.053 
0.056 
0.100 
0.100 
0.100 
0.127 
0.127 
0.127 
0.099 
0.099 
0.074 
0.105 
0.105 
0.105 
0.120 
0.120 
0.120 
0.074 
0.074 
0.065 
0.065 
0.059 
0.059 
0.047 
0.043 
0.0504 
0.071 
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Fig. 3. 

Fig. 2. M o l ~ m h  projected m l o  plane fiwpmdicsrlav to the b axis 

C 27 

lb9 b 83 c 20 

c 18 

3 b c 10 

N 32 N 32 

Conformations of the five-mmbered rings. %viatiom of atoms (in A x 100) from the 
through each nitrogen atom and i t s  two neighbouring carbon atoms are given. 
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Discussion. - The most obvious feature of the structure as shown below in Fig. 2 
is the substantial displacement of the A ring from thc almost planar remainder of 
the molecule, clearly illustrating the ‘trans’ coniiguration of the direct link between 
the A and D rings. The conformations of the 5 membered rings are illustrated below 
in Fig. 3. The A ring is the least planar of thc 4 pyrrole type rings with a root mean 
square displacement of its 5 constituent atoms from thcir mean plane of 0.13 A 
compared with 0.08 A for the C ring, 0.04 L% for the B ring and 0.03 A for the D ring. 

Mobile, z, bond orders in the inner conjugated macrocycle were calculated using 
the linear rclationships between bond lengths (7) and bond orders (p) given by 
Demur & Schmeisumg 1.91 and Miller et al. [lo]. viz., 

z = 1.511 - 0.173 p for sp2 carbon - sp2 carbon bonds and 
t = 1.478 - 0.208 p for spa carbon - spa nitrogen bonds. 

Bond orders thus calculated are shown below. 

0.92  0 4 7  

0.78 

0.90 

3i 32 

x Bond Orders 

Thew arc clearly 6 bonds of almost purc double bond character Le. those with 
a mobile bond ordcr of 0.90 or larger. The effect of bond dclocalisation is shown in 
the high bond orders and short bond lengths for the formally single bonds C(4)-C(5) 
and C(9)-C(lO) given in formula 11. The lengths of the C(15)-C(16) bond, 1.456 A, 
and the C(15)-C(31) bond, 1.433 A, when compared with values of 1.465 A and 1.426 A 
lor single bonds in cyclo-octatetracne and vinyl cyanidc respectively (Szctlon [ll]), 
imply a substantially smaller degree of bond delocalisation in this part of the molcculc. 

N 

1: 
111 
N 

I1 I11 
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On this basis the structure is best represented by the resonance hybrids, I1 and 111, 
shown below, with 11 preferred. 

The intra-annular bond angles subtended at the two h ydrogen-bearing nitrogen 
atoms, N(21) and N/23), are in both cases slightly more than 115' and are significantly 
larger than the intra-annular angles at N(22), 108.3', and N(24), 110". This is in 
qualitative accordancc with an observation made by Simgh [12] that for compounds 
containing nitrogen in six membered hctcrocyclic rings the intra-annular angle is 
larger than 120" for hydrogen-bearing nitrogens and smaller than 120" for non- 
hydrogen-bearing nitrogen atoms. He quotes average figures of 125" for the first type 
and 116' for the second. The two hydrogen atoms differ geometrically. The hydrogen 
atom attached to N(23), at 0.82 A, lies closely in the plane defined by the C ring 
atoms, N(21), C(11) and C(14) - 0.01 A away - and closer to N(24) than to N(22) 
(2.10 A compared with 2.30 A). The hydrogen atom attached to N(21) (at 0.81 A) 
deviates markedly, 0.10 hl, from the plane o€ thc A ring atoms N(21), C(1) and C(4), 
in the direction of the ethanol oxygen atom, 2.73 A away, to which it is bonded. 

There are three short intramolccular non bonded interactions in the region of 
the direct link, viz. C(20)4(25), 2.88 A, C(26)-C(19), 2.95 A and C(20)-C(18), 3.00A. 
It is therefore surprising that the bond angles around C(19), C(l)  and C(2) should 
differ so little from tetrahedral anglcs; the maximum cxtra annular deviation occurs 
for the angles C(1)4(19)-C(18), 116.9", and C(2)-C(1)-C(20), 115.9". 

Comparison with Metal Containing Corrins. - The structure most directly 
comparablc with the metal free corrin hydrochloride is the synthetic dicyano- 
cobalt(lI1) complex of the samc ligand - 1,2,2,7,7,12,12-heptamethyl-15-cyano- 
tram-corrin (dicyano cobalt corrin) whose structure has been recently determined 
by S l u f l w  [13]. The nickel(I1) complex of the closely related ligand, 1,8.8,13,14- 
pentamethyl-5-cyano-tvlr.rcs-corrin chloride, studied by Duniz & Meyev [14] and the 
natural corrins, such as cobyric acid [lS], differ more or less widely in the ring sub- 
stituents. 

The most marked differences betwcen the metal free compound and all these 
others arise from the release of the restraints imposed by nearly planar coordination 
of the ring nitrogen atoms around metal ions. The consequent deviation of the A ring 
from the plane of the other three rings is accompanied by a conformational change; 
the p-/l' bond slopes in the opposite direction to the mean plane of the ring to that 
found in all metal corrins so far examined. This is the result of a twist around the 
bond C(1) , C(2) which places C(25) nearly axial to the ring, on thc same side as C(20). 
and C(26) equatorial. In the other corrins, the group axial to the ring is on the o p  
posite side to C(20) (compare Fig. 5). The changes are correlated with the morc nearly 
tetrahedral values of the bond angles in this region compared with the metal corrins. 
In the dicyano cobalt corrins, for example, C(l)-C(19)4(18) is 122" and the angle 
C(2)-C(1)-C(Z0) is 123'; in the Ni(I1) corrin the C(l)-C(l9)-C(18) is 120'. The ob- 
servations here confirm the suggestion of Dlcaitz & Meyer [14] that the enlarged 
angles in the metal corrins reflect strains imposed by the conflict between the metal 
coordination and the natural staggered arrangement of groups around the carbon 
atoms. As Table 3 shows, N(21) is significantly closer to N(22) and N(24) in the 
dicyano cobalt corrin than in the corrin hydrochloride. 
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Metal Irma Corrin DI-Cyan0 Corrin 

G51 

11) Durn CO-Cl Bond 

(ii) Down cl-C2 Band 

Fig. 5. Dihs&d angles for th6 mtd free corrir hydrochloride and dicyano cobalt comb @bout 
1. the C(l) - C(2) bond; 2. the C(1) - C(19) bond 

Tablc 3. I w v  Nibrogsn Disfancss for Two Syntkstic cowinoids 

Contact Metal Free 
Cornin (A) 

Dicyano Co 
hrrin (A) 

21-22 
22-23 
23-24 
24-21 

2.87 
2.83 
2.69 
2.61 

2.76 
2.84 
2.75 
2.48 

The bond lengths observed in the inner conjugated macrocycles of the three com- 
pounds are compared in Table 4. The average of these bond lengths is almost exactly 
the same for the first two and very little longer for the third. One might expect 
greater deviations from the average in the metal free corrin where there is no metal 
interacting with the ring conjugation. This is as observed, though the differences 
are not very marked. 
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Table 4. A Comparisolr between Bo& Len&hs (iu A) for Thrde Spfhei ic  Covrinoids 

Bond Mctal Free nicyano Co Ni(I1) 
Corrin (A) Corrin (A) Corrin (A) 

21-4 
4 5  
5-6 

22-9 
9-10 
10-11 
11-23 
23-14 
14-15 
15-16 
16-24 
Average Bond Length 
Mean Square Deviation 
from Average (A) 

6-22 

1.288 
1.421 
1.348 
1.381 
1.317 
1.402 
1.343 
1.381 
1.350 
1.354 
1.456 
1.291 
1.360 

0.00233 

1.287 
1.412 
1.341 
1.400 
1.335 
1.385 
1.361 
l.360 
1.361 
1.389 
1.397 
1.287 
1.360 

0.00157 

1.288 
1.436 
1.355 
1.365 
1.361 
1.383 
1.388 
1.367 
1.397 
1.358 
1.429 
1.277 
1.367 

0.00207 

Crystal Packing. - The molecules pack in two layers, almost exactly parallel 
with the a plane at x/a m 114 and xla m 314 as shown in Fig. 6 and 7. The ethanol 
solvent and chlorine ion, closely associated with one moleculc, occupy the gap bet- 
ween two other molecules in the parallcl layer. Within each layer, the molecules are 
close packed in the b axis direction while the gap between the successivc moIecules 
in the direction of the c axis accommodates thc chlorine ion and ethanol. 

The figures show the hydrogen bonded connections of the chlorine ion through 
the ethanol oxygen to N(21) of one molecule. l’he ion makes other close non bonded 
contacts to the atoms of the C ring of the same molecule, C1(33)-C(13), 3.53 A. 

d 
Fig. 6. Molecduq packilrg vkwcd akrrg the b axis 
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Fig. 7 .  Maleculav $mking viewed ablzg the a axis 

C1(33)4(14), 3.69 A, C1(33)-C(12), 3.95 A, C1(33)-C(29), 3.75 A, C1(33)--C(ll), 3.87 A, 
C1(33)-N(23), 3.79a. CIosc contactswith atomsof two othermolccules are C1(33)-C(10), 
3.63 A, C1(33)-C(1.8), 3.71 A and C1(33)-C(20), 3.86 A. 
The molecular packing found in these crystals is very favourahle for the study 

of the directional spectroscopic properties of the corrin nucleus. Such a study could 
yield further valuable information on the electronic yropcrties of the corrjti nucleus. 

We arc grateful to Professor A .  Esohenmoser Irlr supplying thc crystals and to  Mr. 0. J .  lc. 
Hoddev lor many hclpful suggestions and discussions. The research was supported by grants from 
the Wolfso% profcssorship fund of the Royal Society and the Science h'essarch COulzGd (LJ.'lZ.). 
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John Eggert-Preis-Stiftung 

Cestiftet von Prof. Dr. John Eggert, ehemaliger Vorstand des Photographischen Instituts 
dcr ETH Znrich. 

Es sollen Arbeiten aus dem Gebiet der aBildwissenschafto iin weitesten Sinnc, d.h. Bilder- 
zeugung durch Optik, Elektronik, herkiimrnlichcr und unkonventioncllcr Photographie, vor- 
gelegt wertlen. Die  Einladung geht an jungc Wissenschalter aus dern crwahntcn Fachgebiet 
(Erstlingsarbcitcn) . 

Es werden persthliche Antriigc wic auch Vorschl&ge von Drittpersonen berllcksichtigt. Die 
Antrage sollen bis spgtestons am 

15. Oktobcr 1975 

dcm Mitglied des Stiftungsrates Prof. Dr. W. 1’. Berg, Photographisches Institut dcr ETH Ztlrich, 
eingereicht werden. 

Der J?reis bssteht aus einem Barbetrag von Fr. 5000.- und ciner Wrkunde. Es wird anliisslich 
eines Vortrages dcs Prcistragers an einem Kolloquiurn im Photographischen Jnstitut der ETH 
Ziirich verliehen. 

Auskanfte crteilt dcr PrLisident der Stiftung: Dr. Max Liithi, Alpenstrasse 20, CH-3400 
Burgdorf. 

Prix Roussel 1976 
Ce prix est attribud tous les deux ans k un chimkte ou un biochimiste dont le t r ad l  aura et.6 

retenu par un Jury international form6 de personnalites scientifiques Bminentes. 
Le prochain Prix Roussel, d’un montant de $10000, qui sera dkernt  cn Juin 1976, est r6serv% 

aux travaux publits dans lc dornaine des st6roides et  des compos6s analogues, avant Ic 31 Ddcembre 
1975. 

Les candidats au Prix Roussel peuvent Btre de toute nationalitd et  travailler dans tout type 
dc laboratoirc. 11s devront 6tre prdsentds par une personnalitg de haut niveau scientifique, sou- 
tcnue par deux autres parrains. 
Tm candidatures ct toute demande de reinseignement doivent &re adressb avant lc 1” Mars 

1976 au Professeur J. Mathieu, Ccatrc de Rccherches Roussel-Uclaf, 93230 Rornainville. 




